Evidence is presented for the first time that a human candidate calicivirus (HCV) replicates in human embryo kidney cells when trypsin is incorporated in the culture medium. The virus multiplies in the presence of actinomycin D and radiolabelling experiments with [3H]uridine indicate that it has an RNA genome. These observations provide further support for the view that HCV should be tentatively classified as a member of the Caliciviridae.
During the past decade the use of electron microscopy has revealed the presence of numerous viruses in the stools of patients with symptoms of gastroenteritis. However, only the rotaviruses and faecal adenoviruses have been fully characterized. The majority of the other agents are 'small, round' non-enveloped viruses, which are difficult to differentiate from one another on the basis of their biophysical characteristics. The human candidate calicivirus (HCV) falls within this category but can be recognized by its characteristic surface morphology which is indistinguishable from the appearance of feline calicivirus. HCV has a diameter of 28 to 35 nm and a buoyant density in caesium chloride of 1-38 to 1-40 g/ml (Cubitt et al., 1979; Madeley, 1979; Suzuki et al., 1979) , features which are similar to those of the characterized members of the Caliciviridae (Studdert, 1978) . Before HCV can be classified it is essential to ascertain the nature of its nucleic acid and its protein composition. Attempts to obtain this information have been delayed by the sparsity of clinical material containing this agent and by the apparent failure of all attempts to propagate HCVs in cell cultures (Cubitt et al., 1979; Chiba et al., 1979; Oishi et al., 1980) . Recently, Lee & Kurtz (1981) reported that astroviruses, another group of agents causing diarrhoea in man, could be propagated in primary human embryo kidney (HEK) cells and then serially passaged in a continuous line of monkey kidney (LLCMK2) cells, if trypsin was incorporated in the medium. We have modified their method to show for the first time that an HCV can be grown in cell culture. Evidence of replication was shown by electron microscopy and radiolabelling, which also indicates that the virus contains an RNA genome.
A sample of faeces containing typical calicivirus particles was emulsified in phosphatebuffered saline (PBS) pH 7.4, clarified in a bench centrifuge and passed through 0.45 and 0.2 ~tm Microflow filters (Flow Laboratories). Primary human embryo kidney cells were grown in 75 cm z Nunclon plastic flasks (Gibco) in Eagle's medium (Wellcome Reagents) containing 10~ (v/v) newborn calf serum, 0-1 ~ sodium bicarbonate and 100 units/ml penicillin and 100 ktg/ml streptomycin. When the cells were almost confluent the medium was removed and the cell monolayers washed twice in warm PBS and then starved for 2 h in serum-free MEM. The medium was removed and 200 Ixl of filtrate containing HCV in 5 ml of Medium 199 containing 2 ~tg/ml actinomycin D (to inhibit ceUular RNA synthesis) and 10 ~tg/ml trypsin (1:250; Difco) was added. The flask was gassed to give an atmosphere containing 5~ CO2 in air. A second flask was inoculated in the same way, but trypsin was not added to the medium.
It was not possible to observe whether or not the virus caused any cytopathic effects in the flask containing trypsin because the cells detached from the surface within a few hours. Culture fluids plus cells were harvested after 5 days incubation at 35 °C, centrifuged at 3000 g in an MSE Chillspin to remove cell debris, and then again at 90000g in an MSE 3 x 25 ml rotor for 2 h at 0022-1317/84/0000-6023 $02.00 © 1984 SGM 4 °C. The resultant pellets were resuspended in 250 gl TNE buffer (50 m~-Tris-HC1 pH 7.4, 100 mM-NaC1, l mM-EDTA) and samples prepared for electron microscopy. Ten I.tl of each sample was placed onto 2~ agarose contained in the wells of a microtitre plate, a carbonFormvar-coated 400-mesh copper grid was inverted over each drop and the fluid allowed to diffuse into the agarose at 4 °C overnight. The grids were removed, stained with potassium phosphotungstate, pH 6-4 (KPTA) and examined for the presence of characteristic calicivirus particles in a Philips EM201 electron microscope. Virus particles morphologically identical to those observed in the original inoculum were detected on the grids prepared from material harvested from the flask containing trypsin. There were 10-to 20-fold more particles per grid square in this harvest than in an equivalent volume of the original inoculum, showing that HCV had multiplied in the cells. Virus particles were not detected in the harvest from the HEK cells which were grown in medium lacking trypsin or from harvests of feline lung, chick embryo fibroblasts or LLCMK2 cells which had been inoculated with HCV and cultured in the presence of trypsin. HCV has been serially passaged in HEK cells, provided trypsin was added to the medium. Attempts to passage the virus in other cell systems have been unsuccessful.
The experiments using HEK cells and trypsin were repeated with the addition of 100 gCi [3H]uridine (sp. act. 29.7 Ci/mol, Amersham International) to the culture medium. The cultures were incubated and virus pelleted from the medium as described above. The pellet was layered onto a 10 ml, 20 to 45~ (w/v in TNE) linear sucrose gradient, centrifuged at 180000 g in an MSE 6 x 14 ml rotor for 2 h at 4 °C and fractions (approx. 300 gl) collected by upward displacement. Samples (10 gl) were placed in Triton-toluene scintillant and the [3H]uridine counts in each fraction measured using a Packard Tricarb Model 3220 liquid scintillation spectrometer; the refractive indices were measured in an Abb6 refractometer (Stanley and Bellingham, London, U.K.) and converted to density values using international critical tables. Samples (10 gl) were taken from each fraction and examined by electron microscopy to confirm whether or not virus particles identical to those in the inoculum were present. A peak of [3H]uridine counts was found in fraction 17 (Fig. 1) , at density 1.146 g/ml which coincided with the presence of characteristic HCV particles (Fig. 2) ; virus particles were not detected in any of the other fractions. The virus was shown to be HCV by immune microscopy using a human convalescent-phase serum, and unrelated to feline calicivirus strain KI. Experiments performed with feline calicivirus KI gave a peak of [3H]uridine counts at a density of 1.142 g/ml when it was cultured in feline lung cells and centrifuged through a similar sedimentation velocity sucrose gradient.
The results shown above indicate that HCV can be propagated in primary H E K cells provided that trypsin is incorporated into the medium, producing a yield of about 108 particles/ml. Radiolabelling with [3H]uridine provided further evidence that the virus replicates in these cells and suggests that HCV has an RNA genome. Multiplication and radiolabelling in actinomycin D-treated cells demonstrates that synthesis of the nucleic acid does not involve a DNA-dependent step. Radiolabelling of infected cultures with [3SS]methionine gave a peak of radioactivity at a similar position to the [3H]uridine peak on a sucrose gradient, but there were insufficient counts to enable the virus polypeptides to be characterized. The presumptive RNA genome and the multiplication of HCV in the presence of actinomycin D adds support to the morphological and biophysical evidence that it should be tentatively classified as a member of the Caliciviridae.
Further work is in progress to improve the yields of virus in H E K cells and to try and adapt it to a more readily available cell system. This should help to determine the nature of the structural polypeptides, permit studies of the multiplication cycle and lead to the development of alternative tests to electron microscopy for the diagnosis of HCV infections.
